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The location and relative size of echo-free spaces ob-
served by cardiac ultrasound have been considered re-
liable signs for distinguishing pericardial fat from fluid;
spaces that are exclusively anterior have been considered
to represent fat, while spaces that are exclusively or
predominantly posterior have been considered to rep-
resent fluid. In the present study, the location and rel-
ative size of echo-free spaces in eight patients suggested
the diagnosis of perleardlal effusion; evaluation by com"
puted tomography or thoracotomy, or both. in six and
necropsy in two. however, disclosed that these echo-free
spaces-posterior as well as anterior-were exclusively
due to fat. Age appeared to be as important a predis-
posing factor as. obesity in the accumulation of excess
subepicardial fat, No M-mode or two-dimensional fea-
The echocardiographic hallmark of pericardial fluid is the
presence of a relatively sonolucent space external to the
cardiac walls (I). This finding. however. is not specific for
pericardial fluid; a similar lucency may result from SUbepi-
cardial adipose tissue (2). Feigenbaum (3) and Teichholz
(4) suggested that the size of the respective anterior and
posterior sonolucent spaces may be useful in differentiating
fat from fluid; the finding of an echo-free space that is
exclusively anterior to the heart generally has been inter-
preted to indicate fat. while an echo-free space that is ex-
clusively or predominantly posterior has been interpreted to
indicate fluid.
The purpose of the present study was to evaluate whether
this concept reliably distinguishes fat from fluid. Compar-
ison of the findings of M-mode and two-dimensional echo-
cardiography with an alternative examination (computed to-
mography. thoracotomy or necropsy) indicates that
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tures were found to bereliable in differentiating fat from
fluid, although excessive amplitude of the posterior peri-
cardial echo on the M-mode study favored the diagnosis
of fat.
Thus. the finding of echo-free spaces by cardiac ul-
trasound. even when the posterior space is isolated or
larger than an accompanying anterior space. is not nec-
essarily indicative of perlcardial fluid. In elderly pa-
tients, in particular, posterior echo-free spaces due to
fat may invite an Incorrect diagnosis of perlcardlal ef-
fusion or pericarditis. In patients in whom echo-free
spaces represent an unexpected finding of cardiac ultra-
sound examination, computed tomography of the chest
may be helpful in establishing whether they are due to
fat or fluid.
predominantly posterior echo-free spaces may. at times. be
entirely due to fat.
Methods
Study patients. Between July I. 1982 and January I.
1983. patients in whom cardiac ultrasound disclosed un-
expected echo-free spaces suggestive of pericardial effusion
were referred for computed tomographic examination of the
chest if they fulfilled the following criteria: I) presence of
a posterior echo-free space at least 5 mm in size that per-
sisted throughout the cardiac cycle; 2) size of the posterior
echo-free space equal to or greater than the size of the
anterior echo-free space; 3) no clinical suspicion of peri-
cardial disease.
Echocardiographic examination. Two-dimensional real-
time cchocardiography was performed using either a phased
array (Hewlett-Packard) or mechnical (Hoffrel) instrument.
All examinations were performed with the patient in the
supine or left lateral decubitus position: images were ob-
tained in the parasternal long-axis. parasternal short-axis.
apical four chamber and subcostal views. Mvmode echo-
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cardiograms were derived from the two-dimensional scans
under cursor control.
Tomographic examination. Computed tomographic
examination of the chest was performed using a Sicmen's
Sornatom-Z wholebody scanneras previously described(5).
Briefly, complete section scans with a slice thickness of 8
mm were obtained in less than 5 seconds at 125 kV and 46
rnA. Electrocardiographic gating was not used. Scanning
was begun at the level of the aortic arch and continued to
the level of the superior position of the liver. At least two
separate windows of varying contrast were viewed at each
level. The scale for transparency was - 1,000 Hounsfield
units (HtJ) for air, 0 for water and +1,000 HU for bone.
The attenuationcoefficient for anygiven sitewasascertained
by multiple cursor sampling and avoidance of artifact cre-
ated by intracardiae catheters, prostheses or calcific deposits .
Of the eight patients whose results of ultrasound and
computed tomography were compared, the time interval
between the two studies was less than 8 days in fourpatients
and less than 2 months in two patients. In the remaining
two patients, necropsy examination was performed within
2 weeks of the last ultrasound examination.
In this report, the tetm "echo-free space" refers to a
space that is relatively echo-free when compared with the
adjacent myocardium (6).
Results
Of 600 echocardiographic studies performed between July
I, 1982 and January I, 1983 in the echocardiography lab-
oratory of the New England Medical Center Hospital, evi-
dence for a pericardialeffusion was observed in 32 patients.
Five of these fulfilled criteria I to 3 just outlined; three
others initially fulfilled criteria I and 2, and subsequently,
after further investigation, fulfilled criterion 3.
These eight patients ranged in age from 59 to 75 years
(Table I). Seven were female and one was male. Individual
values of height and weight for the eight patients arc listed
in Table I. None had Cushing's disease or had any received
chronic steroid therapy.
Distribution of subepicardial fat. In Patients I to 5 and
7, computed tomographic scanning of the chest disclosed
extensive subepicardial fat unassociated with pericardial fluid;
in all six of these seven patients, computed tomography
disclosed that the anterior deposits of fat exceeded the pos-
terior deposits of fat. In Patients I and 5, thoracotomy
disclosedlargeanteriordepositsof subepicardial fat, a lesser
amount of posterior fat and no pericardial fluid. In Patients
6 and 8, postmortem examination of the heart revealed no
fluid in the pericardial space; there were extensive deposits
of subepicardial adipose tissue bothanteriorly and posteriorly.
Character of echo-free spaces due to extensive subepi-
cardial fat (Fig. 1 to 3). By virture of the preceding se-
lection criteria, the dimension of the posterior echo-free
spaceequaledor exceededthatof the anteriorspacethrough-
out the cardiac cycle in all subjects; in five patients (Cases
2, 5 and 6 to 8), the posterior space was larger than the
anterior space. The size of the posterior space ranged from
8 to 15 mm during systole to 5 to 12 mm at end-diastole.
The echo-free spaces corresponded in size to a large
effusion in one patient (Case 7), a medium effusion in three
patients (Cases I to 3, Fig. I to 3) and a small effusion in
four patients (Cases 4 to 6 and 8) (7) . In seven patients, the
posteriorecho-free space disappeared at the vcntriculoatrial
junction as the M-mode beam was directed from the left
ventricle to the left atrium. The space extended behind the
left atrium in only one patient (Case I, Fig. I) who, by
both chest X-ray film and computed tomographic exami-
nation, had no evidence of a pleural effusion. In no patient
did the M-mode echocardiogram disclose mitral valve pro-
lapse or signs of cardiac tamponade (8).
Other echocardiographic features. The amplitude of
motion of the posterior pericardial echo has been suggested
as an important finding in the evaluationof a posteriorecho-
free space; according to this concept, the greater the mag-
Table 1. Clinical and Echocardiographic Findings
Size of Echo-free Space (rnrn)
Anterior Posterior Motion of
Height Weight Postpericardial
Case Age & Sex tyr) (em) (kg) Sys End-d Sys End-d f..cho Confirmatiun
1 59F 173 66.8 13 12 13 12 Moderate CT. T
2 71F 152 59.1 8 8 13 9 Moderate CT
3 64M 163 110.5 9 7 10 7 Flat CT
4 751' 165 59.1 8 4 12 5 Flat CT
5 67F 150 54.4 3 o 10 6 Moderate CT.T
6 75F 149 45.7 2 I II 5 Moderate N
7 61F 157 109.1 12 5 15 8 Hat CT
II 68F 155 BO.O 7 4 10 5 Moderate N
CT = computed tomography; End-d = end-diastole: F = female; M = male: N = necropsy; Sys 7 systole; T '-= thoracotomy.
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Figure 1. Patient I. Anterior (Ant) and
posterior (Post) echo-free spaces (EFS)
are seen by both M-mode (top) and two-
dimensional (left) echocardiography. The
computed tomographicchest scan (right)
disclosed that the posterior as well as an-
terior echo-free spaces were due exclu-
sively to fat. AML = anteriormitral leaf-
let; ecg = electrocardiogram; endo =
endocardium; epi = epicardium; IVS =
interventricularseptum; LA = left atrial;
LV = left ventricular; Peri = pericar-
dium;PML = posteriormitral leaflet; PW
= posterior wall; RVFW = right ven-
tricular free wall; VS = ventricular
septum.
nitude of motion, the less likelihood there is that the pos-
terior space represents fluid (7). In five of our eight patients,
the posterior pericardial echo appeared to move in excess
of what is generally associated with a pericardial effusion.
In three patients, however, the posterior pericardial echo
was flat. Excessive pendulum-like "swinging" of the heart
(9) was not observed in any patient.
Case report. As an example of the direct impact that
these echocardiographic findings may have on patient man-
agement, the case history of Patient I is described here in
greater detail.
The patient, a previously healthy 59 year old woman,
was admitted to another hospital because of new onset of
dyspnea, diaphoresis and lightheadedness. On admission,
she was found to have cardiomegaly, pedal edema and jug-
ular venous distension. Two echocardiographic studies of
the heart showed anterior and posterior echo-free spaces
(Fig. I). Because she was thought to have pericarditis, non-
steroidal anti-inflammatory drugs were administered. Fi-
nally, a left anterior thoractomy with pericardial biopsy was
performed, which disclosed neither pericardial effusion nor
pericardial thickening. She was transferred to the New Eng-
land Medical Center Hospital.
There was jugular venous distension to the angle of the
jaw when the patient was sitting upright. The first and sec-
ond heart sounds were diminished in intensity. There were
no gallops, murmurs, rubs or third heart sound. There was
trace ankle edema of both legs. The electrocardiogram showed
nonspecific ST-T wave changes. The M-mode and two-
dimensional echocardiograms revealed anterior and poste-
rior echo-free spaces; these were shown by computed chest
tomography to be caused by fat (Fig. I).
Cardiac catheterization disclosed the following mean in-
tracardiac filling pressures (mm Hg): right atrium 5; right
ventricle 28/5; pulmonary artery 24/5; pulmonary "wedge"
(mean) 5; left ventricle I lOllI. After administration of 1,000
ml of normal saline solution, right and left ventricular end-
diastolic pressures increased to 18 and 15 mmHg, respec-
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.' Figure 2. Patient 2. M-mode and two-di-
mensional echocardiograms. OntheM-mode
study (top)thesizeof theposterior echo-free
space (Post EFS) exceeds thatof theanterior
space (Ant EFS). Thetwo-dimensional echo-
cardiogram (bottom) shows thattheposterior
echo-free space terminates at the ventricu-
loatrial junction. The left ventricular (LV)
posterior wall endocardial (endo) surface has
been retouched inonebeat(right arrow, LV
endo) forclearreproduction. ecg = electro-
cardiogram; epi = epicardium; IVS = in-
terventricular septum; LA = leftatrium; RV
= right ventricle.
tively; both right and left ventricular pressure tracings re-
vealed a "square root sign." An endomyocardial biopsy of
the right heart showed no diagnostic abnormality. The pa-
tient was considered to have idiopathic restrictive
cardiomyopathy.
Discussion
Role of echocardiography in detecting pericardial ef-
fusion. Two-dimensional echocardiographycontinues to be
the diagnostic procedure of choice for evaluation of peri-
cardial effusion; it is safe, portable and easy to perform in
most patients. Although the accuracy of echocardiography
in establishing the diagnosis of pericardial effusion has gen-
erally been considered to be excellent, false positive results
for pericardial effusion on the echocardiogram have been
documented as a result of a variety of factors, chief among
which is subepicardial adipose tissue (2,10,11).
The location and relative size of the echo-free spaces
have been considered reliable signs for distinguishing per-
icardial fluid from subepicardial fat (3,7). Spaces that are
exclusively anterior have generally been considered not to
represent fluid. In contrast. pericardial fluid appears to ac-
cumulate first posteriorly, resulting in an isolated retrocar-
diac echo-free space. In larger pericardial effusions, the
posterior space may be associated with a smaller anterior
space. Accordingly, the finding of a posterior echo-free
space that is present in isolation or that is associated with
a smaller anterior echo-free space is generally regarded as
diagnostic of pericardial effusion.
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Figure 3. Patient 3. The M-mode echocardiogram
(top) shows echo-free spaces (EFS) immediately
anterior (Ant) and posterior (Post) to the right ven-
tricular (RV) and left ventricular (LV) walls. re-
spectively. The computed tomographic scan (bot-
tom) reveals that both echo-free spaces are due to
fat. It also shows extensive mediastinal (Med) fat
anterior to the pericardium (Peri); this layer of fat
has produced a supernumerary echo-free spaee an-
terior to thepericardiumonthe M-mode study. endo
= endocardium: VS = ventricular septum.
Previous studies of unexpected echo-free spaces. Recent
studies ( 11-13) of patients free of suspected pericardial heart
disease disclosed an unusually high incidence of unexpected
echo-free spaces. both anterior and posterior to the heart.
This has led investigators to conclude that asymptomatic
pericardial effusion is more common than previously sus-
pected. particularly in patients with cardiac disease. Un-
fortunately. because the echocardiograms in these various
studies were seldom compared with any other standard-
such as computed tomography. thoracotomy or necropsy
examination- an alternative basis for such echo-free spaces
has seldom been considered.
Savage et al. (\4) examined ambulatory patients in the
Framingham cohort by echocardiography and observed a
6.5% incidence rate of posterior echo-free spaces among
5.652 subjects. These spaces were more common in patients
who were older, female, obese. hypertensive, hypercholes-
terolemic and hyperglycemic. Results of two-dimensional
echocardiography in these patients were not reported. Fur-
thermore. findings of computed tomography or postmortem
correlation were not available for these patients.
Wada et al. (15) found anterior echo-free spaces in 87%
and posterior echo-free spaces in 33% of 700 consecutive.
technically satisfactory M-mode echocardiograms; 28.5%
had both anterior and posterior echo-free spaces. Computed
tomography was performed on 50 patients with both anterior
and posterior echo-free spaces. In 21 of the 50 patients, the
posterior echo-free space was observed during systole only,
and in the remaining 29, the size of the posterior space was
not described; thus the number of these patients in which
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fat simulated pericardial effusion based on conventional
anterior/posterior predominance is uncertain. Furthermore,
in 6 of the 50 patients, fat was present in combination with
fluid , making it even more difficult to know how many
subjects had posterior echo-free spaces due exclusively to
fat. Interestingly, however, the authors (15) noted that the
incidence of anterior spaces increased markedly with age,
and that a similar though less consistent trend was noted
for posterior spaces. The use of two-dimensional echocardi-
ography to resolve accumulations of fat versus fluid was not
discussed in this report.
Subepicardial fat as a cause of anterior/posterior
spaces. Our study confirms that subepicardial fat can mimic
the appearance of significant pericardial effusions on both
M-mode and two-dimensional echocardiograms, producing,
in some patients, a larger echo-free space posteriorly than
anteriorly. However, alternative examinations (computed
tomography, thoracotomy or necropsy) showed that anterior
deposits of subepicardial fat were larger than posterior de-
posits of fat in all our patients, suggesting that the M-mode
echographic depiction of anterior and posterior echo-free
spaces is in part a function of beam orientation.
Wada et al. (15) were unable to identify any M-mode
echocardiographic findings that reliably differentiated fat
from fluid when posterior echo-free spaces were present.
Although the strong mechanical coupling between epicar-
dium and pericardium in the presence of epicardial fat might
be expected to produce conspicuous phasic movement of
the pericardial echo, this echo was essentially motionless
in three of our patients, as commonly observed when echo-
free spaces are caused by pericardial fluid . Nontheless, par-
allel movement of the epicardial and pericardial echoes
probably favors fat; a stationary pericardial echo probably
favors fluid.
In seven of our eight patients, the posterior echo-free
space ended at the atrioventricular groove. Just as with fluid ,
which only rarely extends into the potential pericardialspace
overlying the atria, deposits of adipose tissue over the atria
are sparse. Thus, both fat and fluid appear to result in ret-
roventricular spaces that do not extend to the base of the
heart posterior to the left atrium.
Our preliminary experience in these eight patients indi-
cates that two-dimensional echocardiography is not helpful
in resolving whether echo-free spaces seen on an M-mode
scan are due to fat or fluid. When the echo-free spaces are
very large, the absence of swinging of the heart may favor
fat, while the presence of swinging may favor flu id. In the
evaluation of smaller echo-free spaces, this finding is not
helpful.
Factors predisposing to subepicardial fat deposits. The
size of subepicardial fat deposits increases with age and
obesity (2,16). All our patients were older than 59 years of
age and four of the eight were at least moderately obese.
However, one of our subjects was of normal weight and
three were only mildly obese. Thus, age may be a more
important factor than obesity in the accumulation of excess
posterior epicardial fat. In this respect, Savage et al. (1 4)
noted that age was a decisive determinant of unexpected
posterior echo-free spaces in asymptomatic individuals. Wada
et al. (15) also observed that posterior echo-free spaces due
to fat were more common in the elderly.
Seven of eight patients were female, suggesting that fe-
male sex may predispose to cardiac adiposity. None of our
patients had Cushing's syndrome or were receiving steroids,
both of which have been associated with excess subepicar-
dial fat (16).
Conclusions. The present study and that of Wada et al.
(1 5) suggest that current principles for interpreting echo-
free spaces surrounding the heart require modification . One
of our patients underwent an unnecessary thoractomy for
suspected pericardial disease because her M-mode echo-
cardiogram appeared typical of pericardial effusion by pres-
ent criteria. Recognition that subepicardial fat may closely
simulate significant accumulations of pericardial fluid and
confirmation of the same by computed tomography would
have obviated the need for thoracotomy in this patient.
Finally, the extent to which fat may mimic fluid from
the standpoint of cardiac ultrasound has two additional im-
plications. First, the apparent size of a pericardial effusion
may be exaggerated by a concomitant echo-free space due
to fat, particularly when fat is present anteriorly and fluid
is present posteriorly. Similarly, it is conceivable that a
persistent echo-free space due to fat, after resolution of a
documented pericardial effusion. may invite a false positive
diagnosis of chronic pericardial effusion.
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